been marketed as a commodity product; however, with retail ground beef prices eclipsing $8.82/kg this past year (Bureau of Labor Statistics, 2016) , many retailers and suppliers are looking for ways to capture additional value from this category. In 2010, 51% of ground beef at retail was marketed without a brand (National Cattlemen's Beef Association et al., 2010) . This large number of unbranded products represents an opportunity for product differentiation and value creation in this segment.
Branding can be used to indicate increased quality level associated with products and, in some cases, encourages consumers to pay a premium to receive a superior product (Grunert et al., 2004) . Branding previously has been shown to have a large impact on the eating quality of pasta noodles, chicken breast meat, and beer (Allison and Uhl, 1964; Di Monaco et al., 2004; Samant and Seo, 2016) , although the effect of branding on ground beef palatability is currently unknown. Published literature evaluating the impact of fat level and primal-specific blends on ground beef palatability have produced mixed results (Berry, 1992; McHenry, 2013; Kerth et al., 2015) and no studies have evaluated the impact of informing consumers of these factors on eating quality. Therefore, the objective of this study was to determine the effect of branding on consumer perceptions of ground beef palatability and determine the palatability-related impact associated with fat level, primal-specific blend, and Certified Angus Beef (cAB) branding.
MAtErIAlS And MEtHodS

Ground Beef Treatments and Preparation
Six treatments (six 4.54-kg chubs/treatment) were chosen to represent a variety of product types and fat levels (represented as lean percentage/fat percentage) and included 90/10 CAB ground sirloin, 90/10 ground beef, 80/20 CAB ground chuck, 80/20 ground chuck, 80/20 ground beef, and 73/27 CAB ground beef. Treatments were procured from a commercial processing facility in the Midwest, transported under refrigeration to the Kansas State University (KSu) Meat Laboratory (Manhattan, KS) , and stored at 0 to 4°C prior to patty formation.
Ground beef chubs (fine ground; 3.2-mm grinder plate) were fabricated on the same day on an average of 8 d from the packaging date into 151.2-g (approximately 13 cm diameter and 1 cm thick) patties using a patty former (Super Model 54 Food Portioning Unit; Hollymatic Corporation, Countryside, IL). Each chub was individually processed. Following patty formation, ground beef patties were assigned to consumer testing (patties 1 and 2 for blind testing and patties 3 and 4 for informed testing), proximate analysis (patty 5), shear force analysis (patty 6), objective juiciness testing (data not reported; patty 7), cooked volatile compound analysis (data not reported; patty 8), and texture profile analysis (patty 9). Patties were then identified, vacuumpackaged, and frozen (−20°C) until analysis.
Consumer Panel Testing
The KSU Institutional Review Board approved procedures for use of human subjects for sensory panel evaluations (Institution Review Board number 7440). Consumer testing was conducted in Manhattan, KS, at the KSU Animal Science building. Consumer panelists (n = 112) were paid to participate in the study, were recruited from Manhattan and the surrounding communities, and were allowed to participate only once. Consumers sampled ground beef patties under florescent lighting in a large lecture-style room. Five sessions of panels, each lasting about 1.5 h, were conducted with 21 consumers present at each and 1 panel consisting of only 7 consumers.
Consumers were asked to complete a demographic questionnaire that provided information about gender, household size, income level, education level, ethnicity, beef consumption habits, and flavor preferences prior to testing. Along with demographics, consumers rated the importance of 15 different fresh beef purchasing motivators that included various beef product and production claims on 100-mm line scales, with 0 anchored as "extremely unimportant" and 100 anchored as "extremely important." The 15 purchasing motivators and the associated scales were listed in a random order, with the statement "please rate the importance of each trait when purchasing fresh beef" listed at the top of the ballot. Consumers were provided a ballot, a fork, a knife, and an expectorant cup as well as unsalted crackers and apple juice to use as palate cleansers between samples. Prior to testing, participants were given verbal instructions about the ballot, testing procedures, and the use of palate cleansers.
Patties were thawed at 2 to 4°C for 24 h prior to consumer testing and cooked to 74°C in a 163°C convection oven (DFG-100-3 Series; G.S. Blodgett Corporation, Burlington, VT) with patty endpoint temperature verified using a probe thermometer (model 450-ATT; OMEGA Engineering, Stamford, CT). Following cooking, patties were cut into 4 equally sized wedges and 7 predetermined consumers received 1 wedge each.
Ground beef samples were served in 2 rounds. In the first round, consumers were served all samples "blind," with no information about the samples provided to the consumers prior to evaluation. In the second round, immediately prior to sample evaluation, consumers were verbally informed of the treatment in-formation (brand, primal source, and lean point), with labels presented on ballots and on a projector screen in the front of the room. For CAB products, the full-color CAB logo was used for brand identification. All subprimal information and fat percentages were presented in identical text, with only the specific product names differing between treatments. Other than the treatment identification, no other information was provided on the labels. In each round, consumers evaluated 1 sample from each of the 6 treatments, in a random order. Moreover, consumer ballots were collected following the first round of testing and consumers were provided separate ballots for the second round of testing. Samples evaluated in round 2 for each consumer were from the same chubs as samples evaluated in the first round, allowing a direct comparison of consumer ratings and the effect of disclosing fat percentage, subprimal, and brand on palatability perception.
For both rounds of testing, samples were evaluated for tenderness, juiciness, texture liking, flavor liking, and overall liking on 100-mm line scales anchored with descriptive terms at the ends and midpoints: 100 = extremely juicy, tender, and like flavor/texture/overall extremely; 50 = neither juicy nor dry, tough nor tender, and neither like or dislike flavor/texture/overall; and 0 = extremely tough, dry, and dislike flavor/texture/ overall extremely. Additionally, consumers rated each trait as either acceptable or unacceptable as well as identified the sample as unsatisfactory, everyday quality, better than everyday quality, or premium quality.
Shear Force Testing
Patties for shear force testing were cooked as previously described for consumer testing. Methods from the Research Guidelines for Cookery, Sensory Evaluation, and Instrumental Tenderness Measurements of Meat (AMSA, 2015) were used for shear force testing of ground beef patties. Briefly, following cooking, samples were allowed to cool to room temperature (21-23°C) prior to shearing. Shear force was measured on 2 strips (2.5 cm wide × patty thickness) that were removed from the center across the width of the patty. Each strip was sheared (crosshead speed of 250 mm/min) perpendicular to the cooked surface at 3 locations along the strip, using a straight edge slice-shear force blade attached to an INSTRON model 5569 testing machine (Instron, Canton, MA). Shear force values were recorded in kilograms and the 6 readings were averaged for each patty.
Texture Profile Analysis
Texture profiling of ground beef patties was conducted using the methods described by the American Meat Science Association (2015). Cooking of patties was performed as described for consumer panel testing. Patties were allowed to cool to room temperature (21-23°C) before three 2.54-cm cores were removed through the cooked surface in the center of each patty. Each core was then compressed to 70% of its original height in 2 cycles, using an INSTRON model 5569 testing machine. Chewiness, springiness, gumminess, hardness, and cohesiveness were calculated using the methods of Bourne (1978) .
Proximate Analysis
Patties used for proximate analysis were thawed for 24 h at 2 to 4°C. Each sample was frozen in liquid nitrogen and homogenized using a commercial 4-blade blender (model 33BL 79; Waring Products, New Hartford, CT). The homogenate was transferred to Whirl-Pak bags (Nasco, Ft. Atkinson, WI) and stored in a −20°C freezer until subsequent analysis. Moisture and fat were analyzed using an AOAC official method (985.14 (A2); AOAC, 2005) by micro- (2005; 920.153-1920) .
Statistical Analysis
Statistical analyses were conducted using SAS (version 9.4; SAS Inst. Inc., Cary, NC). Consumer panel data were analyzed using PROC GLIMMIX with an α = 0.05. The model included the fixed effect of treatment and the random effect of panel session number. A model with a binomial error distribution was used for analysis of all acceptability data. For shear force and texture data, patty peak cooked temperature was included in the model as a covariate. All consumer demographics were summarized using PROC FREQ. Pearson correlation coefficients were calculated and tested using PROC CORR. Denominator degrees of freedom were estimated using the Kenward-Roger approximation for all consumer panel, shear force, and proximate analyses.
rESultS
Proximate Analysis, Shear Force, and Texture Profile Analysis Differences (P < 0.05) were found among treatments for all proximate measurements ( Table 1) . As expected, fat analysis indicated 73/27 CAB ground beef had the greatest (P < 0.05) amount of fat, with 90/10 CAB ground sirloin having the least (P < 0.05) fat, which was lower (P < 0.05) than that of the 90/10 ground beef. Additionally, all 80/20 treatments were similar (P > 0.05) in fat content. Moisture percentage decreased (P < 0.05) as fat percentage increased, with all treatments at the same fat level having a similar (P > 0.05) moisture content. Protein percentage was higher (P < 0.05) for 90/10 CAB ground sirloin compared with all treatments except 90/10 ground beef, and no differences (P > 0.05) were found among the four 80/20 and 73/27 treatments for protein percentage. Ash percentage was also the greatest (P < 0.05) for 90/10 CAB ground sirloin samples, whereas 73/27 CAB ground beef had a lower (P > 0.05) ash percentage than all treatments except 80/20 ground beef.
The 90/10 ground beef had the greatest (P < 0.05) shear force compared with all other treatments ( Table 1 ). All three 80/20 ground beef treatments were similar (P > 0.05) in shear force values for cooked patties and tougher (P < 0.05) than 73/27 CAB ground beef. Additionally, 90/10 CAB ground sirloin was similar (P > 0.05) to 73/27 CAB ground beef for shear force and more tender (P < 0.05) than all other treatments.
Texture profile analysis indicated cohesiveness, hardness, gumminess, and chewiness generally decreased as fat level of ground beef increased (Table 2) . Texture profile analysis results of the 6 treatments of ground beef indicated gumminess and chewiness were greatest (P < 0.05) for 90/10 ground beef and 90/10 CAB ground sirloin samples. Also, 90/10 ground beef had greater (P < 0.05) hardness values than all other treatments except 90/10 CAB ground sirloin. Springiness was greater (P < 0.05) for 90/10 CAB ground sirloin, 80/20 CAB ground chuck, and 80/20 ground chuck than the other 3 treatments. Cohesiveness was greater (P < 0.05) for 90/10 ground beef when compared with all treatments other than 90/10 CAB ground sirloin. Additionally, 73/27 CAB ground beef and 80/20 CAB ground chuck were less (P < 0.05) cohesive than all of the treatments other than 80/20 ground chuck. a-d Least squares means in the same column lacking a common superscript differ (P < 0.05).
1 Texture profile methods described by Bourne (1978) .
2 Treatment lean content presented as percent lean/percent fat.
3 CAB = Certified Angus Beef.
Consumer Demographics and Purchasing Motivators
Consumer demographic information from panelists who sampled ground beef is displayed in Table 3 . There were slightly more males (52.8%) than females (47.2%). Moreover, the large majority was Caucasian/ white (90.8%), was married (70.4%), and had a household size of 3 or more people (52.2%). More than half (53.2%) of consumers had an annual household income greater than $75,000 and half (50.5%) were at least college graduates. Beef was the most popular meat flavor preferred by consumers (58.3%) followed by chicken (14.8%) and pork (9.3%). Most of the consumers (53.6%) consumed beef 4 to 6 times a week. Flavor was the preferred palatability trait of 69.7% of consumers followed by tenderness (21.1%) and juiciness (9.2%).
Consumers who participated in sensory panels considered "price" to be more (P < 0.05) important when purchasing fresh beef than all other traits; however, this characteristic was not different than all other traits evaluated except "size, weight, and thickness" (Table  4) . Product-related characteristics of "steak color," "familiarity of cut," "USDA grade," "marbling level," and "nutrient content" were more important (P < 0.05) than "country of origin," "local," "eating satisfaction claims," "animal welfare," "antibiotic use in the animal," and "brand of the product." "Natural and organic claims" was one of the least important purchasing motivators to consumers but was rated similar (P > 0.05) to "brand of product" and "growth promotant use in the animal."
Consumer Palatability Ratings
Consumer palatability ratings for ground beef are presented in Table 5 . Few differences were ob- served among treatments during blind testing for all palatability traits. For tenderness, 90/10 ground beef rated lower (P < 0.05) than all other treatments, with no difference (P > 0.05) observed among the other 5 treatments. Both 90/10 ground beef and 90/10 CAB ground sirloin were rated lower (P < 0.05) than all treatments other than 80/20 CAB ground chuck for juiciness. Both 90/10 ground beef treatments (90/10 CAB ground sirloin and 90/10 ground beef) were considered "dry" by consumers when blind tested, with an average rating of less than 50 (50 = neither dry nor juicy) on the 100-point scale. No differences (P > 0.05) were observed for texture liking, flavor liking, or overall liking among treatments when blind tested. However, when treatment was revealed to consumers, large differences between treatments were observed. During blind testing, 90/10 CAB ground sirloin was rated more tender (P < 0.05) than only 90/10 ground beef and similar (P > 0.05) to all other treatments for tenderness. However, when product type was informed, 90/10 CAB ground sirloin rated greater (P < 0.05) than all other treatments for tenderness. Juiciness was rated lower (P < 0.05) for 90/10 ground beef than all products besides 80/20 ground chuck when consumers were informed of the treatment. Additionally, juiciness for 90/10 CAB ground sirloin was rated lower (P < 0.05) than 80/20 ground beef, 80/20 ground chuck, and 73/27 CAB ground beef for blind testing but rated similar (P > 0.05) to these products during informed testing. Flavor liking, texture liking, and overall liking were all rated the highest (P < 0.05) for 90/10 CAB ground sirloin during informed testing whereas no differences were found among treatments during blind evaluation. Also, 90/10 CAB ground sirloin was rated greater (P < 0.05) than 90/10 ground beef in all palatability traits during informed testing, compared with only rating greater in tenderness during blind testing.
When informed of the treatment, consumer palatability ratings increased ((consumer informed score − consumer blind score)/consumer blind score) for multiple traits (Fig. 1) . Very large increases (P < 0.05) were found for 90/10 CAB ground sirloin in tenderness (17.4%), juiciness (36.5%), flavor liking (23.3%), texture liking (18.2%), and overall liking (24.7%). Similar increases (P < 0.05) were found for 80/20 CAB ground chuck with juiciness increasing 18.6%, flavor liking increasing 22.4%, and overall liking increasing by 11.5% when treatment was informed. The only non-CAB-branded product to change in sensory traits was 90/10 ground beef, with increased (P < 0.05) tenderness (13.8%) and juiciness (18.9%) ratings. The change in flavor liking scores for 90/10 CAB ground sirloin and 80/20 CAB ground chuck were greater (P < 0.05) than all other products tested. Furthermore, 90/10 CAB ground sirloin samples also had a greater a-c Least squares means in the same section (blind or informed) of the same column and lacking a common superscript differ (P < 0.05).
1 Sensory scores: 0 = not tender/juicy, dislike flavor/texture/overall extremely; 50 = neither tough nor tender, dry nor juicy, or neither like or dislike flavor/texture/overall; and 100 = very tender/juicy, like flavor/texture/overall extremely.
(P < 0.05) change in texture liking scores than all treatments, except 73/27 CAB ground beef. Additionally, overall liking scores increased (P < 0.05) the most for 90/10 CAB ground sirloin samples.
Sensory Traits Rated Acceptable by Consumers
The results for the percentage of samples rated as acceptable for palatability traits were consistent with sensory ratings (Table 6 ). The percentage of samples rated acceptable for tenderness was the lowest (P < 0.05) for 90/10 ground beef, with no differences (P > 0.05) found among any of the other treatments when samples were blind tested. For juiciness, 80/20 ground beef, 80/20 ground chuck, and 73/27 CAB ground beef had more (P < 0.05) samples rated acceptable than both 90/10 treatments. No difference (P > 0.05) in the percentage of samples rated acceptable for flavor, texture, or overall liking were found during blind testing. However, during informed testing, 90/10 ground beef had fewer (P < 0.05) samples rated acceptable for tenderness than both 90/10 CAB ground sirloin and 73/27 CAB ground beef. All 80/20 ground beef treatments had a similar (P > 0.05) percentage of samples considered acceptable for tenderness, juiciness, and texture when informed of the brand. Also, more (P < 0.05) 90/10 CAB ground sirloin samples were considered acceptable for texture compared with all products other than 73/27 CAB ground beef.
The change in the percentage of samples rated acceptable for each palatability trait due to treatment disclosure was calculated similar to the methods described for palatability ratings. The 90/10 CAB ground sirloin had an increased (P < 0.05) percentage of samples rated acceptable for juiciness (20.9%), flavor (18.2%), texture (18.0%), and overall acceptability (13.5%) due to treatment disclosure (Fig. 2) . Additionally, 80/20 CAB ground chuck had 11.0% more (P < 0.05) samples rated as acceptable for juiciness, 13.0% more for flavor, and 16.2% more rated acceptable overall. Also, there were 11.8% more (P < 0.05) 73/27 CAB samples rated acceptable overall due to treatment disclosure. Under informed testing, the only commodity product that had more (P < 0.05) samples rated as acceptable when compared with blind testing was 90/10 ground beef in tenderness (8.3%). There was a greater (P < 0.05) change in the per- centage of samples rated acceptable of flavor for 90/10 CAB ground sirloin and 80/20 CAB ground chuck when tested informed compared with 80/20 ground beef. Also, the change in the percentage of samples rated acceptable for texture was greater (P < 0.05) for 90/10 CAB ground sirloin compared with all non-CAB-branded products.
Perceived Quality of Ground Beef
All treatments had a similar (P > 0.05) percentage of samples rated as each of the 4 perceived quality levels when evaluated under blind conditions (Table 7) . For each treatment, close to half (45.5-50.0%) of the samples were considered "everyday" quality during blind testing. When product type and brand was informed to consumers, fewer (P < 0.05) 90/10 CAB ground sirloin samples were rated as "everyday" quality than all other treatments. Also, more (P < 0.05) 90/10 CAB ground sirloin samples were considered "better than everyday" and "premium" quality than all other products tested when consumers were informed of the treatment.
The perceived quality level of multiple treatments was affected by disclosure of treatment during informed testing (Fig. 3) . When consumers were informed of the treatments, 13.5% fewer (P < 0.05) 90/10 CAB ground sirloin and 10.8% fewer (P < 0.05) 80/20 CAB ground chuck samples were rated as "unsatisfactory" quality. Consumers considered 23.1% fewer (P < 0.05) 90/10 CAB ground sirloin samples to be "everyday quality" during informed testing. Four of the products, both 90/10 and 80/20 ground beef and 90/10 and 80/20 CAB treatments, had a greater (P < 0.05) percentage (>11.7%) of samples considered "better than everyday" quality when informed of the treatment. More (P < 0.05) 90/10 CAB samples were rated as "premium quality" whereas fewer (P < 0.05) 80/20 ground beef samples were perceived to be "premium quality" due to treatment knowledge. The 90/10 CAB ground sirloin product had a greater (P < 0.05) decrease in the percentage of samples rated as "everyday" quality than all treatments other than 90/10 ground beef. The greatest (P < 0.05) positive increase in "premium" quality was also observed for 90/10 CAB ground sirloin.
Objective Measurements and Consumer Panel Relationships
Correlations between sensory traits during blind and informed testing revealed associations that changed when consumers were informed of the brand and product type (Table 8 ). All palatability traits were highly correlated (P < 0.01) during both blind and informed sessions, but the associations increased in informed evaluations. Overall liking had the highest correlation (P < 0.01) to flavor liking (r = 0.88) during blind testing, whereas the highest correlation (P a-c Least squares means in the same section (blind or informed) of the same column and lacking a common superscript differ (P < 0.05).
1 Treatment lean content presented as percent lean/percent fat.
2 CAB = Certified Angus Beef.
< 0.01) for overall liking was observed with texture liking (r = 0.86) when consumers were informed of the treatment. Fat and moisture were both correlated (P < 0.01) with juiciness in blind testing (r = 0.32 and r = −0.29, respectively); however, when treatment was disclosed, juiciness was no longer correlated (P > 0.05) with fat percentage. Conversely, in blind testing, there was no (P > 0.05) relationship between fat content and flavor liking, texture liking, or overall liking scores; however, during informed testing, all 3 were associated (P < 0.05) with fat percentage (r = −0.29 to −0.25). Shear force was correlated (P < 0.05) to only tenderness (r = −0.20) in blind testing, but during informed testing, shear force was negatively associated (P < 0.05) with tenderness (r = −0.40), juiciness (r = −0.29), flavor liking (r = −0.25), texture liking (r = −0.32), and overall liking (r = −0.26). Fat and moisture percentage were related (P < 0.05) to shear force values at r = −0.23 and r = 0.24, respectively. Table 9 presents the relationships between texture profile analysis and ground beef sensory traits. During blind testing, tenderness was correlated (P < 0.01) to hardness (r = −0.31), cohesiveness (r = −0.35), gumminess (r = −0.33), and chewiness (r = −0.29). However, tenderness was not (P > 0.05) correlated to any texture traits when consumers were informed of the treatment. Gumminess was the only texture trait correlated (P < 0.05) to overall liking in blind testing, but this relationship was not seen during informed sampling. Also, it is noteworthy that consumer texture liking had no relationship (P > 0.05) with any of the objective measures for texture in this study.
dIScuSSIon
Proximate Measurements
For most treatments in the current study, the observed fat percentage was slightly lower than the identified, labeled fat percentage formulated by the supplier. The lower measured fat percentage could be due to differences in methodology used for fat measurement. Most commercial ground beef manufacturers use near-infrared spectroscopy to determine the fat percentages of beef Figure 2 . Change in the percentage of beef strip steaks of varying quality treatments considered acceptable for tenderness, juiciness, flavor, texture, and overall liking by consumers (n = 112) due to brand disclosure before sample evaluation. Treatment lean content presented as percent lean/percent fat. *The mean differs from 0 (P < 0.05). a-c Treatment means for the same trait without a common superscript differ (P < 0.05).
grinds and formulate to targeted fat percentages using these numbers. Studies that have compared fat percentages of beef samples using multiple analytical methods have reported CEM methodology, similar to that used in the current study, to estimate fat percentages of beef lower than other techniques (Dow et al., 2011) . Additionally, studies that have evaluated the fat percentages from strip loin steaks using CEM methods (Hoelscher et al., 1988; Dow et al., 2011; Dikeman et al., 2013) have consistently reported means lower than authors who have evaluated the fat percentages of strip loin steaks of the same quality grades using near-infrared spectroscopy (O'Quinn et al., 2012; Hunt et al., 2014; Corbin et al., 2015) .
Objective Texture Measurement and Shear Values
Texture profile analysis has been reported by other authors for ground beef patties using equations and calculations from Bourne (1978) . Troutt et al. (1992a) and Troutt et al. (1992b) demonstrated that lower fat formulations had increased hardness values using a texture profile analysis method similar to that in the current study. Fat level has been reported to affect other textural values, with increased fat level resulting in lower cohesiveness, gumminess, and chewiness values, with little impact on springiness, as fat increased from 4 to 20% (Berry, 1994) . These trends for textural properties and increased fat level were demonstrated in the current study as well with samples formulated to have fat percentages ranging from 10 to 27%. In the current study, texture measurements of hardness, cohesiveness, gumminess, and chewiness were reported to be correlated with consumer tenderness and juiciness ratings in blind evaluations, but instrumental texture measurements had no relationship with consumer texture liking scores. Other authors have reported correlations close to r = 0.50 for ground beef hardness, springiness, and cohesiveness values and trained panel firmness ratings (Troutt et al., 1992b) , although other reported associations between ground beef texture profile analysis and consumer texture evaluations are lacking. Results of our study indicate texture profile analysis may not be representative of consumer texture liking of ground beef patties.
The shear values in the current study were affected by fat level similar to texture measurements. The 90/10 ground beef had the highest shear value, which was 28% higher than that of 73/27 CAB ground beef. A trend of decreasing fat percentage and increasing shear force values has been well documented by many authors using ground beef spanning a wider range than that of the current study (Berry and Leddy, 1984; Troutt et al., 1992a,b; Desmond et al., 1998) . Ground beef shear force values have also been reported to be correlated (r = −0.22 to −0.72) to trained sensory panel tenderness values (Troutt et al., 1992b; Desmond et al., 1998; Highfill, 2012; McHenry, 2013 ). In the current study, shear force values were found to have a,b Least squares means in the same section (blind or informed) of the same column and lacking a common superscript differ (P < 0.05).
a relationship with consumer tenderness ratings during blind evaluations. Additionally, this association between shear force and tenderness ratings strengthened as a result of brand disclosure, potentially due to the increase in tenderness ratings for the 90/10 CAB ground sirloin treatment and the low shear force value associated with this treatment. Nevertheless, these results suggest ground beef shear force values are not only an indicator of trained panel tenderness ratings but of consumer tenderness ratings as well.
Consumer Purchasing Motivators
Purchasing motivators have been evaluated by many authors to gain insight into how consumers select and evaluate meat during the retail shopping process. In our study, consumers placed greater importance on product intrinsic traits such as color, size, and marbling than on attributes such as brand and animal production claims. Similarly, other authors have demonstrated that visual quality cues to be of high importance to consumers when purchasing products (Steenkamp and vanTrijp, 1996; Wachenheim et al., 2000; Grunert et al., 2004) . The large exception to this trend is price, an extrinsic factor, which was determined to be one of the most important traits to consumers when purchasing beef in the current study as well as many others (Claborn et al., 2011; Reicks et al., 2011; Lucherk et al., 2016) . Although productionrelated information was among the lowest rated traits for importance in the current study, many authors have demonstrated its importance to the acceptance of and value consumers place on beef products (Grannis et al., 2000; Mennecke et al., 2007; Grunert et al., 2011) .
Effect of Fat Level on Palatability Ratings of Ground Beef
Few differences in consumer ratings of ground beef with various fat percentages were found for tenderness, flavor liking, texture liking, and overall liking during blind testing. However, juiciness was shown to be effected by fat level, with the two 90/10 treatments rating lower than 3 of the higher fat products when blind tested. Although the current study demonstrated few differences during blind testing of ground beef patties varying in fat level, previous authors have reported differences in multiple palatability traits. Higher- fat ground beef has been observed to have greater tenderness compared with lower-fat formulations (Cross et al., 1980; Berry and Leddy, 1984; Kregel et al., 1986; Garzon et al., 2003) . Also, similar to the current study, ground beef with higher fat has been well documented as having higher juiciness ratings than low-fat ground beef (Cross et al., 1980; Huffman and Egbert, 1990; Miller et al., 1993; Blackmon et al., 2015) . Additionally, others have found no difference in ground beef patties for sensory texture ratings across samples with fat percentages similar to those used in the current study (Kendall et al., 1974; Desmond et al., 1998) . However, all of these cited studies have used trained sensory panelists in comparison with the consumers used in the current study. Very few studies have used consumer panelists to evaluate ground beef palatability. This difference in methodology (trained vs. consumer sensory panels) likely contributed to the differences in results between the current study and previous reports. Unlike previous work with trained sensory panelists, our results indicate that no differences exist for ground beef flavor, texture, or overall liking, with only limited differences in tenderness and juiciness of ground beef ranging from 10 to 27% fat when blind evaluated by consumers.
The 90/10 CAB ground sirloin had increased ratings for every palatability trait as well as an increased percentage of samples rated acceptable for all traits except tenderness due to treatment disclosure. Additionally, a clear shift occurred in the perceived quality level of these samples from "unsatisfactory" and "everyday" quality to "better than everyday" and "premium" quality. The reason for this large increase in eating quality as a result of treatment disclosure may be the attributed to many of the product's characteristics. It is well documented that consumers identify ground beef with lower fat percentages as higher quality and they are willing pay premiums for these products (Lusk and Parker, 2009; USDA, 2016) . This is also supported by the current study. During blind evaluation, no relationship was found between fat percentage and flavor, texture, and overall liking, with fat percentage positively associated with juiciness. However, when consumers were informed of the fat percentage prior to testing, fat content had a negative correlation (r = −0.29 to −0.25) with flavor, texture, and overall liking scores and the positive relationship between fat percentage and juiciness was no longer found. These results give clear evidence that when consumers were informed of the sample's fat percentage prior to evaluation, higher fat content had a negative impact on eating quality.
When comparing the 2 commodity ground beef treatments differing in fat level (90/10 ground beef and 80/20 ground beef), only the 90/10 ground beef received a "lift" in palatability due to treatment disclosure. Both tenderness and juiciness increased due to treatment disclosure for the 90/10 ground beef, with no changes in ratings for any palatability factors for the 80/20 ground beef, indicating that the leaner product more positively influenced consumer perception of eating quality. A consumer survey by Lusk and Parker (2009) supports our findings and indicates that consumers consider 90/10 ground beef higher quality than 80/20 ground beef and are willing to pay $2.00 more for the reduced-fat product.
As beef prices have increased, retailers have often used ground beef as an affordably priced beef alternative to more inexpensive proteins including pork and chicken (Speer et al., 2015) . In this way, ground beef offers budget-conscious consumers a competitively priced beef item as an alternative to premium priced beef items, including steaks. It is noteworthy that in the current study, more than half of the consumer panelists had an average household income of over $75,000. The impact of income level on consumer perception of ground beef branding and product identification is unclear. However, branded products and ground beef with lower fat percentages are marketed at higher prices (USDA, 2016) . When interpreting the results of the current study, it is important to consider the demographic profile of the consumer panelists and the potential influence this may have had on their product evaluations.
Subprimal Effect on Palatability Ratings of Ground Beef
Recently, an increased number of studies have evaluated the characteristics of subprimal and primalspecific sourced blends in an effort to gain a better of understanding of ground beef palatability as a result of increased demand for ground beef products. Researchers have evaluated multiple factors, including the effect of fat source (Blackmon et al., 2015; Kerth et al., 2015) , marbling and maturity levels (Highfill, 2012; Myers, 2012) , and muscle-specific and subprimal-specific blends (Fruin and Van Duyne, 1961; Nielsen et al., 1967; Highfill, 2012; McHenry, 2013; Tigue, 2013) . Much of this research has demonstrated results similar to those of the current study, with very few differences among primal/subprimal/musclespecific sourced blends for palatability characteristics. Within these studies, fat and lean source played only a minimal role in palatability of ground beef. However, McHenry (2013) reported that ground beef patties from the chuck were more desirable in flavor attributes compared with ground beef from the brisket and sirloin cap when evaluated by trained panelists. In the current study, no differences were found between the 80/20 ground chuck and 80/20 ground beef samples for all traits evaluated, indicating that previously reported flavor-related advantages of ground chuck by trained sensory panelists were not detected by our consumer panelists.
Moreover, when consumers were informed of primal blend, palatability ratings for 80/20 ground chuck samples remained unaffected, similar to ratings for the 80/20 ground beef. However, the same was not observed for the two 90/10 products. When treatments were disclosed, the 90/10 CAB ground sirloin rated greater than the 90/10 ground beef for every palatability trait tested, whereas when blind tested, 90/10 CAB ground sirloin was rated higher only for tenderness. This demonstrates that consumers placed no additional significance on chuck-specific branding over commodity branding; however, sirloin-specific ground beef did receive a palatability advantage related to branding. The extent to which the observed increases in palatability ratings for the 90/10 CAB ground sir- *Correlation coefficient differs from 0 (P < 0.05).
**Correlation coefficient differs from 0 (P < 0.01).
loin that were directly related to sirloin branding are unclear, as the current study did not include a 90/10 commodity ground sirloin for comparison.
Effect of Branding on Consumer Palatability Ratings of Ground Beef
All 3 of the CAB-branded products received increased ratings for palatability traits when consumers were informed of the brand prior to evaluation, indicating that these products received a "brand lift" in palatability due to CAB branding. As previously discussed, the palatability ratings for commodity 80/20 ground chuck were unaffected by treatment disclosure. However, the same was not observed for 80/20 CAB ground chuck, which had increased ratings for juiciness, flavor liking, and overall liking when consumers were informed of the brand. Also, a shift in the perceived quality level of this product was observed, as fewer samples were rated "unacceptable" and a greater percentage rated as "better than everyday quality." Despite the negative consumer perception of the higher fat content, 73/27 CAB ground beef had increased ratings for texture liking as well as a greater percentage of samples rated acceptable overall when consumers were informed of the brand. It is noteworthy that all 3 of the CAB-branded products increased (11.8 to 16.2%) in the percentage of samples rated acceptable overall due to brand disclosure. Although it is unclear the exact proportion of the observed increases in palatability ratings observed for the 90/10 CAB ground sirloin that were associated with both lean content and sirloin branding, results from the other 2 CABbranded products indicate that some of the observed "brand lift" was a result of CAB branding. Banović et al. (2009) noted that brand is one of the most important indicators of product quality in beef. Similar to the current study, disclosing brand and product information has been reported to have an effect on many other products when evaluated by consumers. A recent study reported that CAB and "Angus" branding resulted in increased consumer ratings (10-16%) for beef strip loin steaks (Wilfong et al., 2016) . The same study found that USDA Choice and Select branding had no effect on eating quality and, much like the current study, provided evidence that branding alone does not benefit beef eating quality, only branding with brands consumers view as high quality (Wilfong et al., 2016) .
The effect of branding on the palatability of other food products has been tested as well. Overall liking has been reported to increase up to 20% for well-known brands of beer, yogurt, chocolate hazelnut spreads, chicken breast meat, and spaghetti noodles (Allison and Uhl, 1964; Di Monaco et al., 2004; Kim and Lee, 2015; Spinelli et al., 2015; Samant and Seo, 2016) . Other products, including nutritional supplements, have also been reported to have increased acceptability (30%) when consumed under informed settings compared with blind sampling (Skipper et al., 1999) . However, other authors have reported no change in palatability perception when information about orange juice, biscuits, frozen sweet corn, champignons, and bottled water was disclosed prior to sample evaluation (Carrillo et al., 2012; Szőke et al., 2012; Kim and Lee, 2015) .
These studies, along with current results, provide clear evidence of the impact of branding on consumer eating satisfaction. For ground beef, decreased fat level and CAB branding provided a palatability-related impact. These results underscore the importance of branding of ground beef products sold to consumers and indicate an opportunity for value creation in ground beef through product branding. lItErAturE cItEd
